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Abstract 
Multiple studies have reported information about the magnetization by pulses applied in YBCO 
superconducting pellets. “Electrical machines” is one of the areas where it is possible to take advantage of 
using superconducting magnetized pellets by the high magnetic trapped field. However, it is well known 
the strong dependence of the maximum value of remanence with temperature. The relaxation experienced 
by the HTS, once the pulse magnetization has finished, and the heat generated in the superconductor by 
the effect of the “supercritical” currents generated during the flux penetration, make the maximum 
trapped field lower than expected considering a critical state model. In this work we present simulations 
performed, with a commercial finite element program, about the resulting magnetization in the HTS 
superconducting pellets, taking into account the influence of temperature. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
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1. Introduction  
Engineering applications use normally simulations programs to know the behavior of materials, and 
components before to begin a production of a new product.  Superconductivity field has each time more 
informatics tools that can help us to study how superconductor acts in the devices where they are 
included. The programs of modeling based in FEM analysis are a big help to determine the behavior of 
the superconductor materials.  In our case, we try to extract information about what is the behavior of the 
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superconducting material, as a pellet, in a magnetization process. In some cases, the FEM analysis only 
has into account the electromagnetic study, but when the currents that are flowing inside the HTS bulk are 
higher, it is generated heat energy in the pellet, his temperature increase and the material properties 
changes faster in time. For this reason, is adequate to include thermal analysis in the electromagnetic 
simulations. 
2. Magneto-thermal analysis 
Some authors [1], [2], [3], [4], [5], [6], [7] have made interesting simulations of magnetic fields 
applied over a superconducting pellet and discusses about how the currents densities are generated and 
distributed into the superconductor. Relaxation process due to thermal effect is a phenomenon that should 
be taken into account. The relaxation process is a natural evolution of the superconducting pellet when the 
induced current densities increase Jc value.  Is well-know that Jc has temperature dependence like Jc= a-
bT^2 (a, b constants). The energy generated during the magnetization is transformed in heat that increases 
the temperature of the pellet, and consequently the effective reduction of Jc value. This effect makes that 
relaxation process concluded at fewer values that expected only with electromagnetic relaxation. 
Figure 1 shows the results of a 2D simulation by FEM analysis [8]. The simulation corresponds to a 
pulse magnetization process. The pulse is 10 ms longer and is generated by a three-phase copper winding 
with a magnetizing current density of 8.6·104 A/cm2.  
 
 
Figure 1: Current density 
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Figure 1 shows the results of a 2D simulation by FEM analysis. First row correspond to current density 
obtained after apply a 10 ms sinusoidal pulse magnetization. Second row correspond to current density 
obtained after 10 ms of relaxation after the pulse finish. The levels of the color legend are the same for all 
the pictures in Figure 1 
In first row is evident the difference between two pictures. Right picture is the result of only FEM 
electromagnetic analysis. Left picture is the result of two FEM analysis that has made together; thermal 
and electromagnetic.  
Despite any picture have a homogeneous color, is possible to conclude that they have a difference of 
values near to a factor 2.  
3. Axisymmetric analysis 
One of the problems to affirm or accept that electromagnetic-thermal simulation are better than 
electromagnetic analysis is present when the system to study is only a design and we don’t have 
possibilities to compare experimental with simulation data.  
To avoid this situation we make a simulation of a cylindrical pellet. Make profit of an axisymmetric 
analysis from a commercial software. 
The model that we follow is the H formulation in cylindrical coordinates. This model was adapted by 
our college Chia-hao Hsu to cylindrical spatial coordinates. The supposed approximation in the model has 
been that, total current in the pellet is composed by planar currents loops that are perpendicular to axial 
dimension.   
We analyze a pulse magnetization process over a cylindrical pellet with h = 11,5 mm high and 
diameter φ= 32,5 mm. We suppose that pellet will be magnetized by a sinusoidal magnetic field whose 
direction is perpendicular to a circular face. 
 
 
The pulse applied has a duration of 30 ms and we leave the system relaxing for a 60 ms before to make 
the next pulse. 
 
Figure 2: Magnetizing pulses applied 
Happ 
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We make some simulations where the initial working temperature is T0 = 20 K, 40 K and 60 K. We 
suppose that the pellet have this initial temperature T0 and is surrounded by hydrogen as a cooling fluid as 
the same initial temperature (T0).  
If we make some simulations with different values of initial temperature, we obtain a sequence of 
profiles of magnetic field of different maxim values.  
 
 
Figure 3: Distribution in time of a maximum trapped field in the pellet 
 
Is possible to show that the second pulse not increases the trapped field, 
 
The current density obtained in the simulation with T0 = 40 K at the times: t = 2 ms, 20 ms, 30 ms (end 
of first pulse), 90 ms (end of first relaxation period), 120 ms (end of second), 150 ms and  180 ms (end of 
second relaxation period) are showed in Figure 4 
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Figure 4: Distribution of J in different times after magnetizing pulses are applied 
 
In the last three pictures of figure 4 can show in white color the zone when J is higher than Jc. The 
relaxation process makes the currents will decrease. But curiously, it seems that the higher current 
densities are not at the outside part of the pellet, but are located in the central area of the pellet, near to her 
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axis. These kinds of results are quite different than the obtained in 2D simulations where it is assumed 
that the third dimension is infinite [2], [8] 
4. Conclusions 
Axisymmetric system can be used to modelize a HTSC superconducting pellet. Temperature effect 
must be taken into account to determine the magnetization of the pellets. The value of maximum 
magnetization depends of the Temperature.  
To magnetize superconducting pellets, by ZFC successive pulses process, is not essential to make 
some successive high pulses. If first pulse is high enough, no more pulses are necessary. The maximum 
trapped magnetic field after pulse applied, decreases because of thermal relaxation effect. 
Trapped magnetic field diminishes until current density generated in HTSC is higher than Jc. 
Successive pulses with growing amplitude make magnetizations with less heating in the pellet. 
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